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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with high brightness and 
long life. 

SOLUTION: The organic electroluminescent element 
comprises a transparent positive electrode 2, a 
negative electrode 5 facing each other, and a plurality 
of light emitting units 3-1, 3-2. ..3-n. Respective light 
emitting units are separated by electron generating 
layers 4-1, 4-2, ...4-n composed of at least one layer. 
The electron generating layers are made to function 
as electric insulation layers having specific resistivity 
of 1 .Ox 1 02 xcm, preferably 1 .Ox 1 05 Q x C m. 
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(57) iwm 

mm] mm&^x-Mm^KD^m^ ^ b o/us * 

KII-S»<aw*5t^-=y h3-l, 3-2. . . . 3- 

n^u #%3t3-=y b#*ti?i?i'j>t£< kb-ma* 

5=451iMi4-l, 4-2. . . . 4-n(Cj;o 

xttmbtixtsy^ ^o, &mtir&£m&i. oxio 

2 Q ■ cmK±, USKttl. 0 X 1 0 5 fl ■ cmJJ( 




< 



ti:tybih,XlS<9, i>o, mWM^m^l. oxi o 2 

i^hsif^tfc^T, !£m#3§±S#l. 0 X10 5 Q 

£©ifeK©«g#om)l-g-Jia»e>4!>, $2ffi®©4&K 
fflx-mv&TcR&te ±57 i?#A# ^*>- 1 7 s?# a-t 

m&&*<07i?#fr*?*^imk7'J'jiA'T-*>®. 

3.= ,, f~*-A&£AU «»3S4Ji©ll««fcSi- 

[»**4] »*qci»5 3ia«ffl*»iw^ 

(b) (a) ©:fmft^fcRfl&5cK££J:S«ff* 
SWflcXH«**a»e>4!>, ttC (a) jjt£fc (b) A 

-fe^r-SKPt^WC, (a) a»#7';-A'rSJ'ft^ 
*T?fcU, (I) : 

Ar 2 

Ar, _ i| _ Ar 3 

CSf. An, Ar 2 &tfAr3(4, mm3*Slc« 
fr%T\)-frT%^k&®X-hZ>^m^\'t 

■fc^H**l::*5H-r;, 3 (a) 

ry-^r s ^t-ktox-ihttm^t 

[11*97] »*g[6ia«0*«3i^bB^5*y 



■feVh*^*5V^T, Sffi3E^«:«Ai-5 (a) 
ffc^rD-^T^ft^Wo-NPD, TNAT 
A, ^tB-TADXB^tB-NPBfiitiiV 

[H*98] IMtqUIBiJ©***!'* ho^^s- 
ir^h^icfe^T, «^f£gSr«^-f5 (b) &9r 

irVr-Sf^fc&^T, «}i?«£Jf£«$;-f 5 (b) ^ 

y-fe^h^(c*5VNT, ^Sif-ft;ife^v2 05 (sfflks* 

T-WJ*) Xi±Re 2 07 (7tftU=^A) T'fcS^li 
^u? h a is hlFf: 

Ht#Sll] at**4E*©3*i:l^ bn^U 

? if- AgsJ&fextt u-if- tr- Alts k: i o TfiSif 

[If*9l2l W**4lBtt©:fi**l'* 

Bli, BffSES6PBTT»|6]E«Lfc->y-©^-y^ h© 

[fS*«l 3] M*«4 £*©*»■: 1^ hnAS* 
yfe^mW-KftV^T, «tt*£Jlfcttl£-*-S (b) ^ 
»©*HWMt*^>4< t<> lft©7y**rjl«*f: LT 

Ilt*9ll 4] BMMUIB*©***!'* FB/>a 
yir>-r-*^:ioV^ Sit^4SSr«fiS;i-5 (b) A 

#©**4Mta*'>4< k bi®<o~>T;m&m.&mk t 

W&k-fttW.^? FB^^ytybif. 
[»**15] 3*fci414IEe©^a^i/ 

i-5 (b) ^»»fi)SfI-77^B-f h5-> 
TZ^r/v 5 ^:?^ (4F-TCNQ) f feS^T^U-^ 
r-nAS^yfe^r-sTf. 

[»#JU6] B**l*fctt2E*©**=l'* h 

%^M<D^mm\z.m-r^mk l-c, ^mt-smkm^m 

4tt K-/^ h LTtMBi-5^*i:©iB^Jia»64« 
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[3**17] 3**1 6ffl&<DGm^V>? bo;K 

y &J£, 7)^3) V ±M&M,RV1k±M&m<D 5 
^5I«£ftfcim±©&JSa»e,fc3:£«:ni^ ho/u 

[3**18] «**1 7|E«©^r«niw ; ? hpyu? 

-'^ b£jS©*-/Hi*8S, flft^fel^LTO. 1 
~1 OffcSflxi/^ Hn^S^y-fe^hSHP. 
[3**19] sf**14fc(±2IE^©^r«niu^ j. 1D 

MioiiiiigtsiiLT, xAo&y&js, 7/v- 

^6>!iC5l8BP*S5nm£jlT©SS:^rU ^5nm£(TO 

•mm.®* \mn ^xm^mm^mmtK^- lt, 
[fi**2o] 3**isfctt2ia*fe©fl-«^i^ s 20 

W#±R&Jl>e *>© 5 < t h 1 «£"a tf*«l 

(2) ±B (1) WEtt3hS#tt*JUtfl»l'lc*SJi 
*r (1) 0#«4IHlW^*Ji±WK*Lr. -?:©4§i§ 

[ff**2 l] i»**i*fctt2|E«ro^r«iu^ f- 

(1) TA-#y&JRf 7JUJj))±m&%j*is& 
Xfi%r±M&mJ*>(D 5 %©4>ft< i 1 1 a^tfMtS 

(2) ±E (1) tR«*ix««aMb^*t*SJt5^ 
Ml' *>&Jt£* T-&Kfcj@55 L 5 5!&S5Etfe£:M£ 

(1) ®*Wfc£*S*rJi±fc:3lS*LT, *©i§®7EK 

[3** 2 2 ] 3** 2 0 7553** 2 1 !S*t©*» 
x^FB^UytyMffcfc^T (2) T?|6JB3 

[it**2 3] m&mimmv^m^u? vn^^^y 

-fc^bSHHcfewt, *3t=-=y has, g«?r%±ji© 
liitgtsiiu, gr**k:) 



( 1 ) W^b i ft^tt K-^v h fc LT^-r 

(2) r/>*y^js^^>, 7**])±m&m'(*^x 

tt*±K&*U t JS5E L 5 5$iit55 

r^y^js-Y^-v, 7ju#}) ±jg&%4# 

•sRtfft±M&m'( :*->© 5 *>©4>ft < i t> l Sfc-Stf 
fillS&JKi&ttfc-g* A,Tft 5 ^^&JS^#*S± 

fc, #*fcT^^T^3#$£^r5r,t 

[If**2 4] lf**l|E«©^^U^ hB^y 

•t^ h*TFt*V^T, 363fc=-=y MS, 0eSji?3££Ji© 
HMIfcghf-5Ji£ LT, GS^BBfc) 

( 1 ) Gmt-fr® t ms-vn k-/^ h t ltsmm- 

(2) T/t-^y&JI^ TA-tfyiS&jS-l'^X 
tt&SSrT/i^y&Ml'^, T/v*y±g^Jg^^->- 

* w^STSSfKi- £ t> 3KjE£j&i t , *sj^t 

[3**25] W**lSfcl4 2IE*©^rai3:i^^ h 
f^^yfeyHftt^T, %Jt=-=yhas, ®^ 

[3**26] 3**2 5fE*UD;frttl=l^ hn/>5 
^y-fe>- S|?^t*3^T, *-/i'i£A» c f J ©;fWfe&;i' 

*aMk^*K#LTo. o i~i ox- 

[it**27] 3**i*fctt2iE«©^rat3iu^ h 

^£5^3 0 nm«T©^-/>aASSrff-t-5^i^ 
[3**2 8] 3**l*fc(±2fE«©fi-«3iU^ h 

[3**29] »**isfci4 2ia«©^ra^^^ h 

^*©K^^(cJ;oT*3tfe^efeT-fc5^^U- 

[3**30] 3**l4fci4 2|E^©^^W^ b 
B^5^^ir>-h^tt5V^T, S»©«3t=-=y b© 
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[fg*S3 2] S*3®l*fcl4 2ia«i©#«iU'^ h 

= y rfc*^-i-5*«*r*r«3it*tm«t#*»t: 

I2BU rro^^tt^iKffl^^JPSlL, SDSSgrtSB© 
*E± S tiZ £T ffljf t:WR#««t#* **Trit 

3 3 ] warn. i * fctt 2 iaife©#«^ h 

B^S^y-fe^ hSmr&Vvt, filSfc|S§JIfc&£i"Lfc 

5S3fcoL= yhi «Sfl64S©^tHSe:is 1 0 0 0 n m 

[lf*934] ff*9lSfctt2iE*©*«I^I/^ b 
B^S^yfe>-b^|CfeV>r, »IMtJE;&S2 5V < k!} 

[»** 3 5 1 n*m i 4 fctt 2 ett*>*wx h 

2 w**wp; eMStfStKtt fc*HT-fc 
IIM3 6] H*3H*fc(4 2|E«tO^«3i^ ; ? h 

f.ITiitl^lS], fcL<ttB*Wl#i*i©i?t>e.*> 
fci*fT+3###afiat#«fc i o X SLR» $ 

fCWIC^T-fe^S^U* ho^5^ytyh^f. 
[0 0 0 1] 

[SflKMF] **8tt, ¥ffi3fcM^*^mc*[Jffl£ft 
LiTfj Xt4*iC r^j i«HEi-5ifc^*6. ) c 
[0 0 0 2] 

^fcwP H 1lc, ^rWt-g^*^*5«3tgS:#i-5^r«E 
5fc©fc LtaiSft-O^. Tang fell, *?©fi 



IU *-*tlWttf«g, B6SJ: 
±<SA;*ft31?fitfcL-, La>t>gi|£ffifc|5&£l::&*ft 
fc*«I©gff£2 0 0 oAJJtTfc-TSr if, 10V 
JJlTWEWDtffiT* 1 0 0 0 c d/m 2 fc ^33*^^1 
%OSIftt+MS»S, iS^I^Sr#5 r fc fCfi£56 L 
fc (A p p 1 . Phys. Lett., 5 1, 913 
(1 9 8 7) . ). tU. TangibCD^fT (iftfflBg 
59-194393 ^£:fg, #MBg 63-264692 
10 ^$g, #I¥2- 1 5 5 9 5 *H#fFi?4, 
5 3 9, 5 0 7-J§-BJi?fl#, PSg4, 7 6 9, 2 9 2^f 
SflS, 15^4, 8 8 5, 2 1 1*Sat) ©ft^T'OlE 

©Hff&l MmSlTi-J-SriT, i D {S^MSKlc 

4L<l45tKJ?Srl 0 0 0A~5 0 0 OAcDjSfflfc-fft 
If 2 5 V«T©M«ET?«3tSr#Slc^Tffi!5:e» (V 
/cm) £#£>ft.5, tUTV^S. 
[0 0 0 3] Tangfe^, *r«S©B8¥«r*< LTW 
2D »«£ESr<£«i-5ri:ta*LfcaSli. SulEllXflc 
fcIE*t£ftTV^5«SICl 9 6 O^ftfcHe 1 f r i c h 
fetfT^h9*V*»*«>b©«IHB* (EL) £#fc 
BUI;:, ^M«s*H»*asft5%oilSvHtSr*LTV^fcfct 
fttofci*, HMtEECl 0 0 VWft©KVN«E«rKLfc 
fc*. LTffi^#**aai«Ms (W/W) L*># 

feftfc^fcfl- 5 BUBSrSll-i-«fc»-e*>5 LTV*. 

otas) «, m?iK8tt**i- 

5) 36*1, *y-Kiv^5«t««s*i,5#S«5tr 

so fc!>, ELifaftt'>4< fct>5 X 1 0" 1 (0. 05 
%) &#;L5t>©-efc5i LTV^ 0 #|HBS 5 9 - 1 9 
4 3 9 3<MMWCtt, E LA^^fclf, riMKLfim 

\B\mxwimzfrzm.? m) /mz.#tz>. m 

/f*©J*fc»L.V\ j fc!E4££ftTV^„ S,^lc*5V> 

KS:«fflUfcfc#t. Tangt,O«|gU»l0 
E L / V x X gS^lf 5 % £ilg 5 h <D tfSgE 

P5t%Jt!feffS:ffifflLfc^lcl4gS^a^l± 
40 2 0%lcS^#oofe5 o KKT«*aitlRli:9'^x 

fc^Slf-t^J; t) ig^^lc#< , rtSBS^a^fc^ffn 

^ ©^I^^lf ^f*BP^t"7"^I^^©^^] 5 f^i£v ^ fc ^ Jl;"^^ ^ 

14, Ss^gPS^a^lfgEfc 1 0 0 %lcPJ»Loofc t) , 
«E L^fcfc oTB^HfcKSttS^ *^^l-§ifc 

5«ffltt©i«]±©^, fc*ofc^s&5. rro^fc, t 

a n g fe©»f|F, HS:©»*iBS^1fi:JK0*r«EL^<>r 
so x<DW%\m&*i»tt. tSfe©«^Lfc«5tSrS*fc L 



[0 0 0 4] U*»L4^fe, r©aii&^3lE©*«EL* 

Si 5^5 10 0c d/m2^ess©»ST*J:5^< 

T, IWffl^ifflt S ix5 1 0 0 0 c d/m ! - 1 
0 0 0 0 c d /m ! itC»gflffl±i£i,S4I^M 
( 1 75^mU±.) £#3 r 1 14, S©Prc*l4MS t UT io 

EL§^?14jfc£:SI^LTWj:V\ HU^©i;5t-, :t«E 
L^-r^asaBSr^JbfcCtt, stffillMJc^Bg4*ffi?r 

»g3S}t£r#2>fcfc[CI4, SlOmA/cm ! j»t,Sl 
0 0mA/cm2fcii+3KSiffi?&££Si-.5i:V">5 ; fc 

v^*-?, K*««a^4a»ft£SI*fif4&=f;6»$>» 

1-5«LEDi:ifcg?LT, JfcRW*^ MUte^'Cr 
^Hig-fa r i: 14^B tffl^ttl3f55 0 

14 (*») 14, K^IBJSr»»1-««^-, 

3tl*fc*v>Til!«MSfl[«rK-f5tS5ttjfl4. 

[0 0 0 5] i©*«««te#L-C, #Wll-32 
9 7 4 (*f-J£*H#ff6, 1 0 7, 7 3 4*W 

ft*) Kitt, «jR©*HB83M*«fl«|i»WIS:^LT* 

T14, Srt^rlt&^mSf^oirifcic, -*©±«EJ; 

#«B^« HAWSES, j if5«£*vCV^ 0 L;$>L 
4#&, #*^hJ**7^*:/W©«*©JWfctt 

mm t nfim t weas w*p $ t # ss+ s 

s^^Br^i^aoT'fcs^, 09*. 14", v&mw&mxh 
5, n>f m*««^««RoAR3i y Tk m-x-m±m 



« 1 1-3 2 9 7 4 8 ^$R) KI4 Iffgimn. 

*ttWe-*-5W*©f 6, ^ItSix-CV^Stt 

■e4<, sasa»e>fc»ii$jT,Tv>5 0 j tsEtj^tfe 
&Lxi^m&*&m$x*&t&mffiimm&&wm 

-e* * *£« LfcSS *AR LT feflfflgftp 

5, ■fcv^TM^T^IESc^ftT^.S,, r© 

0. l^m (lOOnm) SfffcSh M^tll 
4 6> 4v*tti*©ft«4 T? t .MmKHftic ictd 
BrSjVCLSSarC-. J?BI (ljmHl) tLT^^fi 

^icia^mi^vstH, ^oStf^A 1 nmiL&m* 

JIM L^imii ft ?>*v^Sttasfc 9 , ^|±t> x^-t* 
y h©fiTtt**6ii4v\, 

[0 0 0 6] tfc, *»W#6I±, #«2 0 0 1-2 2 
5 8 4 7*W«Wfc*J^T, ft«0««E L»?fe«bft 

s§1- 5 m W 4 € (c i o TtbfJ ixT v ^5 ^ t t -t 
5««EL*^trjtjeut. ^«^®i:i4, « 

«tt*K. AftfiDlcttitastiJS 1 . 0 x 1 0 ^ Q • c m 
*StTfe5feS^e>45r t SrBf^ro 5 *>t»HILT^ 
fco L^Uft^t, UIE#li¥l 1-3 2 9 74 

f&) (SSIC3HT4*!*]) ^o*ttttJ:oT36*i!)7 
K. E13 8 (b) CiSi-J: 5 lffi5 5iM5 2# 

» (□) icftsj;5EiiLTt, <$nvm5 4&mm<o 

2mmftjEM (□) ©1 y T«^(cffffi LTV^S t 
(£^oTV^5i:) *HL4V^JS**5Tt)3to-CL* 
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5o r«^©^3t#ca^i-?*SrE!3 8 (a) 
1200 1-225 84 7 ^#ffl#©SJS«ilt*3V^tr 

K— 7** (2mm£|«Mfc (□) ) SrffiJBL 

TlMSffl&ffi©S5j££ff*3*al4fc^4;a>ofc., «pfc. s 

y^ttO. lmmglaTtJbStJf), r©*£ft*?£ 

>\s--?y h©{gfF£ffl<©T-£?SL<&l\ 
[0 0 0 7] 

Vm?M\ 4#BBBg 59-194393 ^« 
#HBaS6 3-2 6 4 6 9 2^S 
M¥2- 1 5 5 9 5*&« 
*ffl#!TSi!4, 5 3 9, 5 0 7 -S§-BJ3«* 
%M®&%4, 7 6 9, 2 9 2f i»t 
#[S4#!fJg4, 8 8 5, 2 1 14HM* 

[0 0 0 8] 

[3pj©h$] *£H!i4. Huia<o*firi-e*T4$jxfc 

k©T-fc<3, ^<Di«)i4^*©#aEL*^T-(4a^;ffl 

««= as**yr*«i<ofcft©) v+k— 

Jim»»*0»jjtfc*K-C*>o-c, Sot, II 
[0 0 0 9] 

a-f-«a»ffl»*3.=s'has, **.-wn. oxio* 

Q'cmW, jfftKlll. OX 1 0 5 Q • cmJJLk 



Tj i»4, *^fcgf£©«£ESrffiPL*:i#t, #ffl*J 
354JI*s* : f-©ISffi*lRlC*-A'SraAb. Kffi^I^lc 

»©*3t3.= y has*«t (HISS) «K:a0!ll::S«S;h/C 

[0 0 10] i-ftfr*,, *^©^EL*^i±, 
1-3B§«Slii:&li®ffi©ISIt-, '>4<tt)-I®35* 

o, gjBW36&S#il. OXlO'D'cmai, 

L<i±i. o x i o 5 a • cm&.±.cost%,fn.ziri-zm 

Ht>l. 0X 1 02 Q ■ cm£i±©JfcSet%^-t-5«ft 

[ooii] *H»»fc*3v-c, r3S3t=L =s , hj fc 

14, *t#MMk^*i»»fe«5*4< it,-Jlo*3tJifc 

W3§£Jf J fc 14. 1 . 0 x 1 0 2 Q • c m^J:. ff* L 
<S41. OX 1 0 5 Q • cmJJl±(OW:ffiS:S:^i-5«« 

3D [0012] *^BJ©«E LlR-T-lifcVT, 9M&± 

c*-ao k^'StiflsT-fr^wm u&r> tK msm 

-^mi, «W*SJioiil««K:S5^-5**3-=y 

40 [0013] *fc, *^K©^«E dfc^T. ffl 

ffSfiia (a) -f*Xft#ym*(«5. 7eVi 

m\L%mm* (b) (a) osrafls^fctiwtaKcEJS 

i SSW^Iii^flcSr^L 5 5»atiHX(4«^S 
^6.45«S^Xi4iS-g-S^6>4 9, huIB (a) 
(b) ^i©raT7^iS5cSJSl-±5®W^»i^^ 

5 1-I4>T ^-^b*^ W-t 5. 7eVi!l/h^^ 
so t**a*UV\ (a) rit»O^THMb^«©-1 , *>'ft#7 l 
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5. 7 eVX±X'foZk, (b) m#<D®lW 

[0014] $ fcfcjyfcftleite, ( a ) Be»©*r«S{b-g- 

y -A-7 5 Vfl^ftt?* 5 - -*St (I) : 
[ft 2] 



(*"f. An, Ar 2 MArj|i, ^m^SECg 

*r y -a-t 5 >it-B-^(omt uxtt, #fcis;ei±ft^ 

#\ 5 6 5 9^&m, WmW-6-2 0 3 9 

6 3-^&8L WfflW-6-2 1 5 8 7 4f&«, #@fl¥7 

- 1 4 5 1 1 #BS¥7-2 2 4 0 1 2^ 
$6. #0S¥7- 1 5 7 4 7 3-5§-&«, #S|2jZ8-4 8 6 
5 6 #BS¥7- 1 2 6 2 2 6-5§-£:f8, 4#BB¥7 

- 1 8 8 1 3 O-^&SL #BB¥8-4 0 9 9 5 -§-£r$8. 
#l¥8-4 0 9 9 6-%&n. #l¥8-4 0 9 9 7f 

W7-1 2 6 2 2 5tm 4#r#¥7-10 
1 9 1 #IH¥7-9 7 3 5 5#^tg|*S 

ixT V ^5 T y -;ur 5 i/fc&mmiWt. L < , 09 *.fi % 
N, N, N' , N' -t1-77i^-4, 4' -S?T 
?y7i=;K N, N' /U-N, N' -v 5 

(3-^f;V7i=;l/) -4, 4' -?75;f7i = 
2, 2 -fx (4-^-p-FP*75y'7x= 
AO ^p/O, N, N, N' , N' -y-hy-p-Y]) 
A,- 4, 4' -^7^f7x=;K fx (4-v>-p 
-M^7 5>'7x=;l/) 7i=W^y, N, N' - 
> ; 7x-/l-N, N' -i? (4-p< h*V7:n=/l-) - 
4, 4' -S?T5 / ^71=^, N, N, N' , N' - 
7h77x^/l/-4, 4' — i?T 5 7 A-x- y 

4, 4' -fx (^7x^7?;) Kyy 

= =/K 4-N, N-^7x=^7?;- (2-^7^ 
=^=^0 -<V-tfi^ 3-y- f-3r-7-4' -N, N- 
i/7x-*7 5 /X^vU-s^-t?^ N-7:c=,/l/#./W< 
1, l-fx (4-^-p-fy75/7x = 
A-) -v^P-^riH^ 1, 1-fX (4-i?-p-h 
575;7x^) -4-7ai=^->^n^f->', f 
X (4-^f*7?;-2-^f*7x^) -T7.X 

=;M*^, n, n, N-by (p-hy^) 7^y, 
4- (i?- p - mj *-r s >o -4' - [4 (s?-p- 
MJA'TS/) x^y/i/] xfvi^i', n, n, n' , 

N' -Th77x=;l,-4, 4' -v>T5/-bf7^ = 
^N-7x=**;^^-^ 4, 4' - fx [N- 

(1—7-7^) -N-7x=^-7?y] f7:r = 
As 4, 4' ' -fx [N- (1-7-7^) -N-7 
x=*-7^] p-*— 7:c=7l', 4, 4' - f X 

[N- (3-7tt77=*) -N-7x=*-75 i 



/] f7:n=/U\ 1, 5 -fx [N- (1-7-7^/U) 
-N-7x^-7S/'] 7-7*L-X, 4, 4' -fX 

[n- o-x^f-yA-) -n-7x^-t;;] tr 

7x-/K 4, 4' ' -tr* [N- 

-N-7x^-7 5;] p-^-7x=;K 4, 4' 
-fx [N- (2-y^i->bVM -N-7x=^- 
TSy] l?7x=;K 4, 4' - fx [N— (8-7^ 
^-7^7 L =/I') -N-7x^-75y] t*7x=;K 
4, 4' -fx [N- (2-fU=A) -N-7 = =A- 
-T 5 y] f7:n=/K 4, 4' -fx [N- (2--< 
Vls—fr) -N-7x=;l/-7 5 7] If7x=^ 4, 
4' -fx [N- (1-3B^:*) -N-7x=*- 

f7^=yK 2, 6 -fx (-^-p-hy/ur 

5/) 7-7*1^ 2, 6 -fx [i?- (l-7"7^ 
A) ^7*1^, 2, 6-fX [N- (1-7" 

7?Vl-) -N- (2-7-79VU) t7^uy 1 
4. 4* ' -fx [N, N-i? (2-7-79VL-) T5 
7] 7^^/K 4. 4' -fx {N-7 = ^A— N 
- [4- (1-7-7^) 7x=*] 75/} lf7x = 
A, 4, 4' -fx [N-7x=*-N- (2-f U- 
M -75;] ^7x=A>, 2, 6 -fx [N, N-i? 

(2-7"7^7>) 7 5/] 7**l/y, 4, 4' ' -f 
X (N, N-y-p-M;U7?y) ?-7x=*, f 
X (N- l-t7f^) (N- 2-7-7^) 75 V, 
TSE©5£ : 

[ft 3] 




X*St>S^54, 4' -fx [N- (2-7-7^/>) - 
N-7x^-7~;] f7:n=A- (a-NPD) . T 

[ft 4] 




T-SfcJilS/fc-NPB, TtSWxt: 
[ft 5] 
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TSfc^JvS^tD-TAD, T1E©5£: 
[ft 6] 




-egfc>$ix5 2-TNATA*ifaSfc5„ 
#KEL*^©f^fcteffl£;ft/0^5^©t>©S:®l: 

V\ ±E, o-NPD, ^fp-NPB, *fn-TA 
DM2-TNATAIi*7^W9 0t»±T?Jb 

[ooi5] *»wo*»e L**fc*s^T\ m«f»^ 20 

(a) ^-e&sr !)-^rs Wfr^W* *>$*©## 
[0 0 16] 

fcR«1-». *3SW©#«EL3IHF-H:, «&ia©J:5te, 
= yh (*4< 

fo*SJiT-JliW!jlc2Ji«±oa!Ji«jtSr#i-5) /BE 

(2MKJ0 SSU ox'io* 
B'cmKi, fftUttl. 0 X 1 0 5 Q • c mH± 

©josss**-*-* mm.mm&<om^±m tc ± o -cttw 

[0017] tt*<0#»E L**tt, H 1 5 

fcD, B6S«a>6«^ (e~) , HMHM^fc*-* (h 40 

+ ) taAL-cjsjta-iyhrtTSiB^u aswffi^ 

Sm4, I3 2t*i-J;5t, B^^g^<toX{t«0& 
[0 0 18] *36^©^«EL3(l^tfcV^T. 

s&^-t-atmtLTtt. jtsfet^i. oxi o 2 q 

• cm£U:, #*L<ttl. 0X1 0 5 Q • cm^±T* 



5o mffiM£g£®J&-f-5fcffl-l4, JilEWJtgfet 

(4, h51E©±5K, £fc3 2«|g©#ig©afS#XHiS 
, !^2S«©%SraT«ftS7E5)S;tcJ;5 

mBsffi^rRitiiei^isi-^iiii-srt^it), mum 
[0019] miE©j:5ic. *&w<Dm*iz&i-t?>wffi 

3S£J1I4, (a) T-JbSTJI-^T^ft^fti, 

(b) y —A'T 5 wb-a-fe t geftiiTcEisi- iot 
@3tt. mmn (a) (b) 

flpaflc J3 it 5 RW* -*©»» £*1-iSBJ ig-efc 
3„ *fc, 04(4, MfE© (a) f&ftt (b) $#©*1 

«m« »£JI t*s it 5 «lHMWIfr©»j* t * 

[0020] £fcln, «W**JIfeKMM-5 2®i©fl: 
fttt:«Nb»GK£K.l: Q «fffMMt*tr»jftL 5 5 t> 

HMftTtt, i£ft800~2000n m©iS*#l-«I«t(-!» 
IK*-** hyKOtf-*****^*, 2S^ro{b-g-!fe© 
a^«T?tt. jg*800~2000n maiE$*«*£ 

m^»»SrM«lt*«-*-5ffa (t>L<i4SE» ib-C 

[0021] n 5 1± % r y 5 2 - 

TNATA, a-NPD, 7- td-TADW^ fn — 
NPBi, VzOs (5«flS^i?^A) ©*^m#a 

-c©©©*-;* h^K Rt^s-r y -^r 5 sft&mh. 5 
©h*» fe w & a>* t *s 5 , t y — 5 i/\Y&mm$ 5 

Ifc/^^^tt, *a&T-14S*8 00~2000nm 
©iE**HH«l::tr-^ ftvtf, T y -/W 5 ^ft 
^fti:5 iWk^-r-s? 17 A i ©iS-g-1114, jgft 8 0 0 ~ 2 
0 0 0 n mWJE^ffl^fc^^ tW «W» 

6f4, 2-TNATAi4F-TCNQCDWfil*a 
KSt/il^©©^^^^ h^^U 0 7 14, a-N 
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PD£Re 2 07 (7Ift2^>)A) ©S^OSglK^ 

T, m3rogf7c«lKf-:?)iSJ£^^®«8 0 0nm 
~2 0 0 0 nmCOffiatliai^tvTiSO^ *$m%h<n 

&mx\^ mmfrmq>x-m±-t5K&<DffiE^ wsm 

[0 0 2 2] *%BJ fcfc^T, r^jta- y Hj 1 11, 

(j, (nmb /%%m/ (mm) , (mo /*-a« 
sui/sttA/ (He«) , owe 
itm/ni-mmm/ (mm) , (n® 

(MO 4^Wfcii3. *38WKJ:5#»ELSW- 
fcfe^Tfi, y h 

v^fc±<, has, *--M&sjf, *-a*aji, * 

fct>*83S**»t-3V^t>» tttt:«KH:ft<. &fe<3 

fttoto^ftffl^, «*.«, «x so 

[0 0 2 3] ftWEtm £ LTtt, -iRHfcttffcWWc 

t)L<tt, ^tffl&StA 
1, Ag, In¥i^MWf»5. Sfc. * 

-t^3;fcfc#»Jifcffl^SlfMt (WHW10-2 7 

0 17 1 ^ffi, #12 0 0 1-1 0 2 1 7 5^## 40 

88) T-(4, &ffitt**1&m-?fctitf, *Wtt*Bft 

9g#e>*s#0gjpi 1-23326 2-^mRxmm2 o 

0 0-1 8 2 7 7 4 *^«ICHJ* Ufca»*«ffl LT, 

««r*firi-S «WAJR«t»ft^«K: i 5 «$rsS3\ 
fcJl7EL5 5^:JS, «^tf, Al, Zr, Ti, Si* 



[0 0 2 4] NMHMtmi: UTi4, StfflPIii 

Mx.fi, I TO M^!)A.tfiftW . I 
ZO W^^A-SIMMafc) &2r03H*«fffi* 

[0 0 2 5] Sbt. 4fcRG<*3SM#e>#»K2 0 

0 1 - 1 4 2 6 7 2^BJ*fH*iCfE«Lfc^fc£ffl^T I 

tioTfrStM-tt. «B*iH«t»HHzio-2 7 0 

1 7 l^i-PSBKS^TV^aAKK-tf^Si-ifc*- 
- mes-S^aASlcfflv^tfMM© I To^izowi 

5ftll»5U ±3£©-«l$fc:frflSEL*^©i§3-i: 
t>%3A>TWTU!>5. *fc, LTttBTL 

xh&w 

[0 0 2 6] *««©fflEL*flt ^iBj-rSH^ffi 

*^^#l. ox 1 0 2 G • cmJJLh. #£L<!i 
1. OX 1 0 5 Q • cm«±©M:gfeiSr^-t-5®^f%^ 

-ctttt*a©:fr8iE l ^r-j£ < mm ztixz ±-&sd o 
[0027] *Lv4miame*anoii«E l 

r*Wlil*t?«SSiT,5«^ (ft) /-#lcMr5, 3tf 
(ft) /#Witj T-fe-5*^^0±|S(4, SISU:, 1 
(= 1 0 0%) -e&ofcflS, *»WKlJ:6*«EL*^ 

Jb5*-^ (h+) aA(4^T«^l8S©««^S (tL 
<(4HOMO. . . ftif5&£tdil) 

#*iJi © t gr s s ^«^r 5 
jars^sssH^iroigss l< ulumo. . . * 

®^«A»iji) l-aA$ix5^tT-3g3fcttiaS^j®S:f^ 

©*&tt*»3ta=y btr (jia»it±) aiirsm^ 

(ft) #^3t3.= y hA>6)gcai$4T-53t^ 

(ft) /%><Dtttfcmtshz) <omm\ *%w<D#m 
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*, ^:S*li(cJ;oT^iL?lJ^cgi^i$i^T^^5^ffli[i]^S 

-efct), u^fc*^Siasi^-©tt;ffiK&*ri-5 

[0 0 2 8] t>*>5A,, *5SSH©:|r«EL*m4, as 
£WM4 1 . 0 X 1 0 2 Q • c mJU±, L < B 1 . 0 
X 1 0 5 fi • cm«±©tt&tt£*1-5l&Ste&«©* 
T-*$£*Vt^.5ICfc#]fr&-f, ifefcWMBflE*!!©* 
S&ELSS^flqgS (n« , «.MI,zm%i£titzfr<D?k 

££il5«{fc»T# (Vn) ©jfgfiJ (V = V1+V2 + 
+ Vn) T-fe5ri:i4, f?Sf<iftV\ *£o-C, 

TT'WffiSJEfgitiB, S*3t^--;y h©& (n) as*** 
KoftTJIS/FRniBtfcSfflB, **^©^r«EL^ 

[0 0 2 9] ^fUcfcftto&i*, *3SSO«|ELf?- 
(4, f iffltiE L if i ifcK LTV 1 < 

mziZ&itWU K«a£#5fc»fcB&&Wfc:£5^« 
#*SB©:fraE 

htnSittltf, W««ti*H5-ift<ntl 
©WSfcHSL-C-tS. r©lf#, fjiS©ilt>I*I&1IEt>n 

[0 0 3 0] Sfc, #^©«ELSH=-©|ii&ill}§ 
£©IH©lgJPB, ^©^ftase.SHfc^y hrof^Jf 
£5 (coital JWWfctt, pfSHW^S^T 

iELlfOIBiiiWD. -t© h©) fi 

sckhhrbish©-?, «smi»*©MiRfe&i\, 

(4 9*We:IIJ^i42 000A (200nm) filT^fe 
ofc) , iEii«EaS2 5V^TT-S.5Ci^BT®tU 

^S^ELSfiB^S^mSr^l-S^ (m 
IBk o d a ktefF, #WBS5 9- 1 9 4 3 9 3 
#WBg 63-264692 ^$8, #Si¥2 - 15 5 9 
5^t, *HW!TSl4, 5 3 9, 5 0 7»f, |g] 
||4, 7 6 9, 2 9 2f HSlt, I^|g4, 8 8 5, 2 1 



**W©£«EL3[m::B, SfiiraKS©± 
£Lftv\, ftfd;, SMfiELifli, ig»mE®± 

m-im.tiwsmm (w/w) ©{gT^*g<fcitT-&ofc 

bSrSffiP^lC#ffiS*5i363t0@*&ffiJE (t ur n o 
n Voltage)»t>»nfii49,ttoTll» 
g£*§3fc»©SJEt>»&nteift3#, *f-^ (««t 

10 asp) fcBSnf&i^sfcfe, ^vw&mmmazmtig. 

&%>m (W/W) BgteLftV^iCLftS. 
[0 0 3 1] Sfc, »3fc=-=y h 

©^EL^fcoiiJ^^J^iL-CB, IflHOfel 
5&&mfbhZ. &*Si© 1 fl©3g}fc^ 
= f fLa^L-^V^^EL^f-T-B, ^*3.= s/ h 

(S^Cft) S&££Cfcj§-g-B, IP*S3§ftlff 

t^oTLS5as, *isK©*ra6E l^©##b«h 

PfflfflUS^JSv ■>©-?, Sif&ro^glttasteTi-S-iBtt 
20 it), feS#£©3Sft3-=-> hasSfcLTVVfci: Lt 
t>, <&©»*=■= y KBflc«SiLT*3tprtgT-fcf5. M 

[0 0 3 2] *©fi&(c, 08;LB« hy ***tit© 

**7^x:/W-£J£ffl0ltLfc#-£B, «3E*g©« 

so DH-8. r ©£■?*>, ;Mfl0ftWELX7«tifttt* 

w-efe5„ afc, autsf^as^srs^v^s^mffi^© 
igftmj±as«E*©*-f(cjt'<T»iv i itB, la^estic 

Srg*L (5Vei 00 0 cd/m z »*I^til5 
IfSft, 5 0 VT-1 0 0 0 c d/m 2 ©j¥g£fl'fe*L5 
Sf^iteEUT, B»san:J:oTlv©WiWTis^ 
Cfc»g-rolMECTteXff-rtlS»fe«»-*-6fftt-e-|-» 
T-fc5) , fc«-?S*.BIWlJ»©«£E|*T^Sv^*jB 

4o T*ofcg«E«»tJ:51iltt^hy ^^«ig©«^x 

[0 0 3 3] Sfc, l^«(c±EffiSriS-tC3tfc^5^ 
ffl*, WWHHfcai&SfflWi: LT%^fcB#(ctWIE© 

«wriaaMfflifc«<tti'Taba. 

4^5gKSffifl-^©itffift: (~ 1 0 " 4 fi • cm) B, A 

movdm. (~i o- 6 n • cm) \zit^<x 2mm&m^ 

©■dWBB»a»6Bft8«mi,8K:oii-c, «*=-= y h 
(V) (fcKiiESE (v/cm) ) as(S 
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i 9 tllllr^t < ffiin?t*iB\ ^afi^TSrig;^ 
Hi*, tt*MKIW-&*iEWHtt*ftS 

[0 0 3 4] Sfc, *^tCfc(t5*^±SOJtffifei 
Bl. 0Xl 0 2Q.cm«±, jfiUttl. 0X1 

o=q • cmEtitsEiwiiiTOJieirc^mtttm 

(~10-iQ-cm) iUtttS^Sv^JMcOtjOSr 

[0 0 3 5] H8tt, *3SW©-Sat««-(?*5*-«|E 

(SffiStE) lJbfctt. JRfc, IMe«C*«jfr*-239i 
ffiffi2, «ta=^3-l, t(SfM!4-l > 38* 

«jy H3-2, affi?§£Jl4-2 tilt 

*4i4- (n-1) , 38*=-=5, ha-niliOSS 

m) ©?*>, (shsk) i, mmmmm 

*2, »Jfc»=s/h (3-n) (fcfc-U=l, 2, 3 

) , BHB«a5BHtofflSF*T**l. JtS«asi. 

0 X 1 0 2 Q • c m&±09<«n««ttO«fr«£JI 

(4-n, t«U=l, 2, 3 ) (C±oT{t<iO?> 

rtAWMfcasy h (3-n, fc£U=l > 2, 3- 

[0036] sfc, lsk^b, a«*m©» ott 

R©-orfe<5tt*BBft**^©#tt CBftttE*) £ 

5«Sf«4S4-nB«ffi-CB!5;V>*S, H^m^ff pS] 

E©**a=y h©«^gJ!f©5 %#t«flf*4Ji^« 
LT^-sa^SA (tt%) Jii*-^SA (tft£) S© 

SAlc^LT©, ^^-PI®£-e«-f5fci6t;iB» 

[0 0 3 7] «*.tf, 4tff«±|4-n)l>&|t«^ 
(fi]lca^aASri-5^(CB. 1 0-2 70 1 7 1 

•§-^#■^#^2 001-10217 5-%~&miZ-ffliji£th 
TV^5J;5l-, aW*^S©»8i«l^1-5Si:L-C, 

se-r 5 &s t ©21-g-i a> e, * 5 seas Sr^ri-s ©# 

ixfcl8Ui±©^*lA>e>4a©*#4U\ Sfc, _tJB 
©a^&ASf© K-J— h^M©^/Ht^B, 



^Wb/g-WcftLTO. 1~1 0T-fe5©^jf4 LV\ 
r©*Mt*aso. l*ffiT*B> K-^M^i!jiS5c 

sft*:^? car, jke*ho ©»s#ear, k-k- 

v^S*«i/hS<, lOffiFMJLSfc, KtroK-^v 
H*Sas««^fj(ISS:B5^t«xL, iS5£^©Ht> 

±E©J;5^«^aA®^*i-5«^©|g* 

[0 0 3 8] 3S3fc^=yhB, affi?§±Ji©G§lE 
fcLT. T^tfy&Jg, rA-*y±!B£M 
&US#±g&JR©5^a»b^£*u5&JS^&ft5lgJp 
^BnmKT, »4L<ttO. 2~5 nmOli^W 
S^aA®Sr*ri-a*^t?feoTfcJ;v\ w©MJ?iS5 
nm4rj@x.5£, 5fc©8ifis£;8t«/> LT L£ 5 t W 

©■C#*L<«V\ Sfc, 5nm£tT©lgffSr*i-5S 

#BftLTV>ftV\, 

[0 0 3 9] *fc«*.tf. #ffi#|g^4-n^fc^m 
«#lSlfc*PgEA1-*IS(::B, #S!¥1 1 -2 3 3 2 6 
2-^SS-^#^2 0 0 0- 1 8 2 7 7 4-SHifg 
B#fFf&6 3 9 6 2 0 9 #^*ffl#) (#fi8H;S: : J . E 
ndo, T. Mat sumo to, and J. Kid 
o, Jpn. J.Appl. Phys.Vol. 41 
30 (2 0 0 2) pp. L8 0 0-L8 0 3) K (*^P^# 

bicioT) w^^ixTv^sa^aAS*, a^f%^ji 
a® bt/>* y ^js^f t/u* y ±a^jg-r 

©«a-B^»Ul7Ett^JS UT^5l7cSfS(c 

V\ fcib\ wW^tffiffl^tbSfiSTE^JSB^-a-ti* 
40 ©^Si'^->'«:3t7ci-5«F(cg bB^kSixT. 1. 0 
x 1 0^ Q • cm£t±©fcffia*:rr3»»SMfc#*fc 
(CrT*«5 '«»©' ililffitlilOnm 
«T©^J¥SrE*L, SfRiS7C^Jg©ID|Cas 1 0 nmS- 

filter* 5 ffl^ ^gSMSftis^h 

[0 0 4 0] 4fc0j*.B\tss© r^ro^gjsifiggj 
ftfflsn-cv^r^*y^n^^ r^*y±g^jg 

so (#^2pl 1-2 3 3 2 6 2fM^tW2 00 0 
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- 1 8 2 7 7 Awzm tsmzftx^z%m&m&# 

t wtfw-*™ f ^t®x-&o x t> ± 
v^s, xA-tfy&s^v, T^*y±^js-r^->', 

*±SS&JR>f ^SrS"* UT v ^if v ^ft 5 flM 

[0 0 4 1] £ £>m, ±IE©#FJ¥1 0-270171 
^ffi^"!fM 2 0 0 1 - 1 0 2 1 7 5-5|-&$6, 
1 -2 3 3 2 6 2 2000-182774 

mam (ttfc3m&n%6 3 9 6 2 0 9ts»t) ©n 

ft3*>f:7"©«?-i£A ffifctl) Jf&*feT&flH-5©t> 

S1* 4#H¥ 1 0-2 7 0 1 7 1 -^$8^#M 2 
001-102175 ©&JS K-fV^SSrBfSK)?t? 

1-233262 ^fg^li 2000-182774 
^#C:fE«© r^©SSJ£^;SJ £®J&1-3©#& 

taTffiffl-rsrtT-, tt*ffltf»EL*?-©l9*fc*i- 

2002-27365 B^iBSKSS&IKiELTfcS. 

r©i§3-. WMftZim (cttl fcgi-5©tt r*© 
fc«B £H-5«ti: r** y AJMt©fls*«KJS«tt& 

fc. 

[0 0 4 2] Sfc«*.tf, #S?S3S±Jl4-na>e>|&S 
S*lRlfcJi>-^aA1-5^»ci4, #3PJ3*-6>flM#gli¥l 
1 -2 5 1 0 6 7 ^fR-WIg 2001-244079 
^»fc*V^-C*3B Lfc, 3*W«vW WK 

l:J»t5IiU*«US<i, «Wf5MBl4-n 

©*^*-^aASr^i-5rtiS-C#5 0 SfeC, 3 

£*) ItJSau. *-A^A)itL-Ctiv\ ^© 
*#, MW(4 3 0nm«Ti:-t-5©^*U<, 0. 5 
~3 0nm©efflt1-5©d 3 #*LV\, if#3 0nm 
Sri®*?.*, 3t©3iS^s«jJi>L-CL*5 iPISfc, R 

ic^-feriT*, m*tt£felz-f5Zki>ine>tiX 

[0 0 4 3] fl^gMfete-g-fe t L 

T!4, #fc$iJKI4*V^S, 0ij^(J, j£ftil2ifc, JMtMl 



v^nn3W) , TNF (HJ=l>P7/l'tl'y 
V) , TCNQ (fh7->7y*;^?y) , 4F- 
TCNQ (x h7 7*tn-f h5->ry 3V v 5 ^ ^ 

AS* ©*afls£* t «^S#ttft-fr* ( K-/<^ Hi: 
£«W ©^Mfc^tt, #SS^#Jl'SifUTO. 0 1-1 
0©^HT*fc5©##S Lv\ K— ^SYtoitm&O. 
0 l*?tT-fe5i Mc± 9 g^£*Lt#~^ (£t 

-f >-^©S!lS:^hS<, lOtefcSgS-Si, BSf»©K 

[0 044] St, S?Sf36^SSr^i-5feK©ffc*H 
»a»4. 5 e V£l±T'fen«, M**Ht*£fc6« 

(^LT*-^aARll6)teS^-^fc5„ StigC, gfE 

©Mi£^!i 2 fc* tt i 5 te, striae *«fls£*#-t © 

4*«flf«4Ji©*J«S*i: LT»IB-»-5»^l>fc5. 
[0 0 4 5] «StIV^»*i=y hWBWC, IS 

»*Ji©HWi«t«i-6JI, ®W^feS©^»lcg1- 

S^*-/i-aASSr«ffli-5rit-Ct5 0 t»%5A/, 

A«7JiSr-t©*Sifaifc«[ffli-5 r. fc 5 0 

[0 0 4 6] 4s9H9©«iiEL9rF©An*ma, 

atiELjFFtJt^Sfc. S«5©rt4a«6*<4 
5 0 St, l&m-WT'B-fe^SrfiirieltiSDigi-tv^W 

zkiK M&£ft%„ r©±5**g-(c, *3BW#6*s 
#12 0 0 1 - 1 5 3 3 6 7^W»»lc£5^TS3iLfc 

nBSrWBfcfiSL, «>o*|Km©fl6ffl»*Sr^riB4*» 
ft? 1 0 0%lcJfi<3lt5^i:aST?#5 o 
[0 0 4 7] *fc, *»W©*»EL*^Sr*riEi-5*r 

y mifrbtobixx^z&tonjjmtf 
&m-^mx'h*>„ msf»4^sr«fi£i-5^t u 

TAJ«Wl**©««*lttrttffli-«»#-tt, 
icioT, (^H?-©ft-g-tid^©Eli#©I^HT*) 
^JtSfeiSfiKA^tt-f Hfciisa^©lg^^$tL5 rti! 
fe5©-eagSr¥-f-5o St, ^^^D^^MSfl 



23 

Xfimm^y? - ^ £#x.4v\iri£S:gUHi-3 r t 

©# * ©Jia© ftu* t fff- SrS«~t-5 S*f ffi® £R 5 

ia$K*©ffifc¥tT4ai££#1-3¥?T«#£^jSL.fc 
Kfa9-Vv FS^^-^gf «I200 1 -1 4 2 10 
6 7 2 #MiSB##fig) *3SK®affif|B±S©^K 

[0 0 4 8] S«±t;:j£ffi&;*ix5£T©g£, i$ 
**m£K£*tc:fc^T;ra-f-.5 C i: |c £ (Jftftxttjf. 

l£»*lg&*©Tffi©s£*^ y r LfcttteT**© 

«ffi©$i£¥B©T2f(cft:S£-B;T. g*|£*S*g© 
J&£:£fi i y r «r * ^— 

*jfelcJ:oT*Hti-5rti5T?t5 (#120 0 1-1 
5 3 3 6 7*9J**#iEJ) . 

10 0 4 9] tfc. «Sfflo|«ELslffM:, ffijfcro^ 

(U (2n-l) /4, fcfc'U n=l. 2. 
3 ) -CfcSttK*tm4U9S*&**»SC&# 30 
tti*<5<, a*©««EL*^-©«jSTf3:, (*-©) « 
&3fcR#WIS T?©**BtHt|±* 1 /4 iWK: 

BTLTfc, ®SiSEE©±#S:ffl<fc-ltT-&ofc„ 
[0 0 5 0] LA»U *3BW#e>tt, f!rW©#gg2 0 0 
1- 1 0 2 1 7 5-*&*fc*»vt, ftRWWgfcSH-S 
«^ ftA® t X** y 

fc. JWMSfctt, «**SL*fl©*fW)tWl/4iJat 
©HHFftflff (IX (2n-l) /4, fc*U n = l, 
2, 3 ) fcRj£3ixTVvCnR!}S:*:*<fcS£, % 

<4D. i8ttt**BB!ta»l/4«*«5IMWfc» (ix 

(2n) /4, 1t1*U n=l, 2, 3 ) tRjES 

tlT^T. nS^t<45i, 5c©«3fctr-^fiB© 

4»*a*©fiTas«»*Hfc. tot, *»K©^r« 60 



U&mm-tZ t. 5 4«it£»o^f4, 4HS*ffilta» 
6.3tSWSS*T-©^eSr«c^t0Jfflli-5 - htt^X 

[0 0 5 1] SfcjgM. r©4 5 4«fc>L-v«$4Bli!p: 
SS©^ffi*»e>2Kti,5tl4, &*5tEltffiIT-fcofc 
(r©4t#l4§§&«fe5Si§^ffll,!:4-5) 

mkvxmmzitz^ktfm&tu^ &ft=Fm8>mz.m 

Hi-SIHHt#«i-5^K*4< 45. 
[0 0 5 2] *fc. TTEWttllcSLfcJ: 5 K, *»9! 

a^«38*ftKJ:oT±IE3lt«Wt»Wti-84ai 
[0 0 5 3] 

[HJS0J] KTfcjt«[W*rl|»»fT*»Wtr4 6tBmK: 
RWi-aa», *«SI4rHti!JK^$tt5t©T?l44 
v\ 4». ^mt^m, Allftcnnf«^J|«!>j«K: 

©dUK^©«fff ^RV©Mffi^3R««|lcft^tt fe^ 
T^^5, *MOB>F*JltSLfcjj«E*=^-CRTM- 
8 0 0 0 (ULVAC (0-*Jt£SfRt) K) SrffifflL 

fc„ *fc, fig^©HHKJ¥©ate^tt, x>=<-^ 

(T e n c o r) ftJSP 1 0)tttfS;gMI^-SrfflV^fc o » 
^©#1±ff«(Ci4, (KEITH LEY) & 

y-^^-^2400, by=->-BM-8 5WgfhSrffiffl 
I TOSr^@, A 1 LT, BSK® 

JESrO. 2V/2#©flJ-g-C^7 l y^|cMDLT, « 
E±#l»*©JME3ttWt«Ht*afeLfc. 4 it. EL 
hA'tt. SK*F=!?7PMA-1 \ ifff-iJ/^ 

[0054] mmm 1 (se*©*rasE l*^ ©^ss«ai- 

»fe*3fc*^©f«) El 9 ic^ LfcaS«5tSr*-f5^5l5 
©*8IEL*^S:TSa©i5tLTf^KLfc„ 
«l±ttt, SKffiffi®ffi2i:LT. v— hgJS2 0Q 
/□© I TO WVv'^A • i-f^kti. MSSiFttS^. 

-t^^M^ta) imM^f-yiz^-hZinx^z m 
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10W (a) #Jg] „ *r©±U:, 

?40 [010© (b) ) &^UT*-^*ii^ttSr^-r 
■3a-NPD&10- 6 tor r TT* 2 A/#©Is#3tg 
-C*7 0 OA»J¥$lCfigKL-T, *-/H$i£Jf 6£®j£L 
fc„ MB*-A«3SWO±lt, 3S3tS7tLTT 

lES): 

[ft 7] 




Ift«4Ivx^4 0 [010© (b)) Srtf-LT 
^--Msaytfc^ri-s^f B-NPB&l 0" 6 t o r r 
TT-, 2A/S>©**3^-C8 0 0A©JS£l;:ritlgiL 

Ji©±fc, l 0 t UTTIES; : 

[ft 9] 

© Q 



* (KT, Al qt^lE-t-SitaSfeS) 2:, i^fe^Jt 
*3tfe*T'& 5^3 MKWfl: (M*:C54 5T 

(kodak«) 3 rotXfi»ntt«ol 

g t *3 ± 5 ®^#3ig^S LT 4 0 0 A©* 

JMlLfe. ftfc, iiu!E3S3fcJl7©_hfc, &JR (C 
s ) * K-trv^ $HfcS?-aAS 8 LT, TIES; : 
[ft 8] 



T^ftS^y^TWvt&JS-fev'*.*. (Cs) Sr^r 
^JtT-l : 1 fcfc5£5fc£*©II^5ig£iigLT2 

1 [010© (c) #fg] Sr^UT 
A 1 *M*XS 1 0 A/»T 1 0 0 0 A©J¥$tc|g»U 
fc„ ^©Ig|lJ:oTB3tS«$li, JfEO. 2 cm, m 
0. 2cm«WE*»*fc4S [010© (d) . 
#feftfcSH^©3S3t*^ h/P&Ell eic^l",, r©^ 
iELifllti^t, KSS^S-C'feS I TOirltSmffi 
T-&5A1 iroWfc, MtmEfcRUPLT, SSjfcJI (A 
1 q : C 5 4 5 T©*fj«fJI) a>e><DHtfe3B*«5lH*tt 
Sr«S£Lfc. 021, @2 2aOT2 3f>«O^Dyh 
tt, (£9091) ©l¥g (cd/m 

2) -«E (V) fttt, «ffi^g (mA/cm') -«E 

(v) wit, (c d/A) -mums. (mA/ 

cm') Sr*i-^7 7-e*5. Sfc. 
*&«E(4 2. 2V-C-feofc„ 
[0 0 5 5] KWJ 2 «£*©:£« E L*^©^JSW- 

*©^E LS^ SrSWJ 1 i l^«(cTI5©i 5 l-UT 
«Lt tfy^S&l-hfcli, Bff3H«S2 2:L 
T, V-FSS2 0Q/DOITO Mfi?$A--tf 

=-h£ti/r^3 [Eiio© (a) #fiS) . ^©±t^r 




o o 

T-S£ft5Xf n-DPVB i 2 A/fJ>©s£3|f j£g 
T-4 0 0 AwJPSi^MLfc. BaffiUftJil 0© 

±ics*^j i trnmc &m K-f ^i/m^aAJi 1 1 

irUT, ^y^yp^^t^JRirv-^A (Cs) 
tfcT-l : ltft5i:5i-€-*©S#iig&SigUT2 0 
0A©JfSICfigKUfc„ H®mffi5iUT^H^ 
Ifil^^l [010© (c) #18) Srtf-LTA 
1 Sr^*ilg 1 0 A/»~e 1 0 0 0 A©*S3K»Lfc. 
:©IIiaotM*®«iao. 2cm, 80. 2c 
m©jE#JB*t£fcS [110® (d) #10 . 

^ mmm2) <om±^^ h^zmi 7<omm\^ 

Lfc. r©^-aEL*^ic*5^^-c, BiffimffiT?&SlT 
oiBStt-cfcSAl troiBC, iEfttEfcaMini 
TT, i*I10 (xfc'n-DPVB i) 
©K«HtS:««Lfc. 0 2 4, 0 2 5&t> , 0 2 6<F©O 
yvyhtts «t«i. r©3phF (3E9M2) ©#g 
(cd/m'l -IE (V) ©Stag (mA/c 

m*) -«E (V) Wft, Sgftgfj* (c d/A) 
&g (mA/cm*) Sr^1-^77-C&5. r©ig^© 

[0056] iw 3 «£*©**e Lirofmi- 

#fe%Jt^©W 01 2lc^Ufcajf«itSr^-r5^ 

fULfc. ^7^S«l±l^i4, fi§!Sg5!«&2tL 
X, •y-hgR2 0Q/DOITO W^S?9A-i~f 

=■-^$i^TV^S [010© (a) #H8) „ ^<D±.\z.^ 

®Mofmm&m-?*t 40 [010© (b) ) st^lt 

*-/H0Stt«:*ri-5o-NPDfel 0-6 torrT 
T-, 2 A/#©fsif JlgT- 7 0 0A»f$lcs«Ut, 
*-/H(BSJil 2*r3BdtLfc. WE*-**** 
©±K, 3£}tJf 1 3 t L-C A 1 q t , *&3S3fci&3fcfiS; 
•CiSDCJTB (KODAKtti) Z<D^^M 
ifi 1 **%©jgg t £3 i 5 ©^^5£gSrP^ U 

T4 0 0A©fStMtfc. HUE^*S13± 

1 1 W*fc, K- f^m^SEAl 1 4 i 
UT, ^yfJaJ^t&m-f/tJ* (Cs) Sr^-^Jt 
T*l : li45±5fc#*©*»«SM«LT2 0 0 
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1 [HOC (c) #fig] Sr^LTAl 
Sr^#5ig 1 0 A/#T- 1 0 0 0 A©J?:$gg#Lfc 0 r 
WISI'ioTSjtiiatO. 2cm.i0. 2 cm 

niEmmttn (HOB (d> #flg] „ n^Mz.m 

i". :©tiELiftfelvt, I TO 

i:ll1!«ST*fc3A i ir^rat, IXmEE&fWinL-C, 
f£3fcl (Al q :DCJTBffl*iSi) ^6>©#£JS 
7£©B#f42rSiJ£Lfc,, 124, 0 2 5 S.T/0 2 6 <p© 
H-T^j/Mi, tt^ti, -nm^ (Sip#!l3) ©l?g 

(c A /m}) -WE (V) SS!c?gg (mA/c 

m*) -flffi (V) $H4, StfE^ (c d/A) 

(mA/cm!) Sr^"t-^7 7-efc5. 
M3tM*&®E(±2. 2VT?fcofc. 

[0057] mmmi (.mM^ma-viOs (smt* 
asiti-«. kwji tmcm^x\ (010© ( a ) i 

WfifelKffl^S^^4 0 [010© (b) ] 

PD&6 0 0 A, Alq :C545T=100 : 1 ©Jf 
£4 0 0A, ^y^T'n^^i^JS-fev/^A (Cs) © 

«K-tf^BO±lc«»»4Ji4l-lfcLT. V 2 Os 
(5«ft^+S?jrA) fc, fiKMiSS 2 A/S>T? 1 0 0 A 
offJl:ML.fc. r©m^3g±St>#«tij&ffl£ffl&j|| 
^^40 [01 p© (b) ) trfrLXf&mLtc. 
fcx tS»MMI?^^4 0 [01 o© (b) ] © 
4*, fui£©Ig£ 5 -«» X) S LT363t^= * h 3 
-2£fi£lg|Lfc 0 -f-ftfr*., »-NPD^600A, A 
lq:C545T= 100:1 (Jtfiii) ©g£4 0 0 
A, /^V^T-p-f >b&Hg,^'><}J* (Cs) ©*SS-J1£ 
2 0 0AOHJK, (IWlUfc. BEtf«B5 
irL-C^figMffl^H-7^.^4 1 [010© (c) ] Sr 
^LT, Al«rSS#afl[10A/»-ei 0 0 0A«!>*S 
CliL, CHI 0© (d) D IciSLfty^-^fra-i- 

0. 2 cm. mo. 2cm©jE*W*fcftofc. r©^ 
«EL*^K33V^T, lltiffcSITOclffitl 
T-feSAl t©rai-, SScflJESrEPinLT, 3S3tJi (A 
1 q : C 5 4 5 T ©#«*■) a»&fl3Sfi«Bfe©ltWtt: 
&I£tfc„ 02 1, 0 2 2Xa l l2 3fon^P?-h 

tt**i«i, r©^ (latflii) ©as (cd/ 

m») -t£E (V) Wt. m^SS (mA/cm*) -« 
EE (V) (c d/A) -mS^g (mA 

/cm 2 ) ^f^7 7T'fe5„ r©^©«3tBB*&a 
EEtt4. 4VT»*9. JEWIl©**©t,j:5if2ffiF© 
«Efcftofc. io«t»*a=y h*«r«*JiB:J: 



oTtt«je>ttT2<@^-f5r©^raEL^f±, SSp 
«S, 2f&ffi<£*t<|SLtLfc,, r©sTF 

(Si£#li) tt, sm^tl-i??* (v 2 os) 

dSS^T'S)57 3 -^7 5 yft^ft, 0 -NPDi 

V^5 (V 2 Os- + a-NPD*) t^X.btl, 5mt'*i- 
WA, (V2O5) gta-NPDS©|SLffiASfl;ffif3S^g 

10 016 \amx-m-t. mx*^* h^mm-r^ t, s 

tpm©*-^ h/uirlStS— iLtjs, h/i>©J£ 

««a«iap«ifctt:«LT«T*<4o*:. ;tnt, 2 

o©3S3t==S' h©l*3, £*0K:j£lgLfc3§ft^=s/ H 3 
-1^6,©^3fez)S|lffiT-Sit$n, *OiS-e©SM)t 

[0 0 5 8] *ffiM2 («ffiS^#:ftttfe0*a>e,tt 

20 ©=SraE LSH=- SrKiti-5 0 S¥0ij 1 i [Si3?|^«ic, 

[010© (a) ) I^Lfcj^N-*-l'fc=:-h$;ft, 

TVNaiTo±te*tMbri«fflAii^*4o [0io 

© (b) ] Sr^LT, 3bt=-=y h3-l£j£BSLfc. 
-fftfr*,, a-NPD£7 0 OA, (A 1 q : C 5 4 5 
T= 1 0 0 : 1) ©Jf£4 0 0 A. *y pyvj >t& 
(Cs) ©JS^-SS:2 0 0A©/P£l;:MBjtoS; 
^Lfc„ ftfc, BufE^MK-fy^l©±i^m#^® 
4-ltU. TIES; : 
[fcl 0] 




t?« 4 F - T C N Q frjOnSft 1 A/6H? 2 0 A 
©J¥£lCJ$B£Lfc 0 ftVN-C?, 2-TNATA (^'V K- 
ft^S) SrjfcBISig 1 A/#T- 5 0 A©flL s |:ML 
fc 0 ^cllltltf 4 0 [0 

40 10© (b) ] fetf-L-O&SlLfc ftt, ^T»{KKffl 
^I^^4 0 [010© (b) ) ©S4, HuSE©Xg 

i-fcfr*,, a-NPD£7 0 0A, (Alq:C545 
T = 1 0 0 : 1) ©!£4 0 OA, ^y?7'W>-i:& 
m-t^VJ* (Cs) ©Sl-&S4r2 0 0A©)¥$lc, 

^^41 [010© (c) ] Sr^LT, A 1 ^M^mS. 
1 0A/&T-1 0 0 0A©ip£|c:3£:f L, [010© 
(d) ) fcSLfc/^-^tfrj-S^TWEL^fcfl. 
so fc„ Kl«fcJ:or»*«KttllEO-. 2cm,i0. 2 
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mmmx-hz i TotmmmmxhZA 1 i©^, m 

ItE^MlU, 3§}tJI (A 1 q : C 5 4 5 T©#3g 
*Jf) ^6>WStfe^*:roK#ttSrai^Ufc 0 02 1, 0 
2 2MI2 3<p(D + yny M±^:h,m, w©^ 

2 ) <on& (c d/m 2 ) -«JE (V) 
ftSS^g (mA/cm 2 ) -SJE (V) #14, 
(cd/A) (mA/cm 2 ) fc^-f^yy 

^T'feS 2 - TNATAOSfl^TWlf 
frSTflMLTV^tSfAkfrSCT- (4F-TCNQ- 
+ 2 -TNATA*) , 4F-TCNQii2-TNA 
TASW^E^e^fH^irLTaBgLTV^S. Sfc, 

r©*-?T-tt»g= 3 0c d/m 2 (mwtm&= 0. 1 

2 mA/cm 2 ) SS^fe^* (cS^^T^o-C L 
Sot*, aSSag^o. lmA/cm^HTOK 

mr-htn-i, 6 c d/Atv^, 

mttmmbti. ^mm<o3f.x-hmM^m<omm^ 
[oo59] mmm 3 ( 2 <@©3S3t^-- v v ©b^x-j 

h^2V^(CS^5*?-©fm» 

r©H«J-C-tt. HI 5t^i-SS«itSr*-f-2>^IS[^ 
otiELmKStS, 3BM!4H*fc*9^«i 
1 _kfctt, HM££gf!tt&2 i LT, hffiSU 0 0/ 

□© i to w ^s?^ a ■ i-rm<m. »amtsi*'< 
v*m*a,) fm&**-Mc=-h&iix^& mi 
0© (a) #18) . -t©±^&, mmM2kmc*mx' 

#WMUWBAIl-»"**4 0 mi 0(0 (b) ) Sr^hL 
T^-^tt3H±«:*-f-5frie©^fc" n-NPB (COV 
I ON*t®) Sri 0-6 t o r r TX\ 2 A/#©^#jS 
0 oA©JPSK:j£ffllL-t\ 3S3fc=-=y h3-l© 
*»J«Lfc. *lc, lulE*-/Hi^S©± 
Ic, *3t^-= y h 3 - 1 ©Wfe«3tS t LTbubE©* t° 
o-DPVBi (COVION^ 2A/g>©gg 

o oA©j?$icf£B&u ^y^/o 

^fcAK-feVfrA (Cs) «l^IS:2 0 0A©fS 
fcriWbfc. ftlc, HJStfJ liBD<, Hit 3S£Jf 4 - 
ltLT, V 2 Os (5^^-f^^i) £, fiSK5Ig2 
A/#Tl0 0A©f$tMLt„ iromffir?B4Jit 
fiWfc«IW4ll^?4 0 [010© (b) ) fcfl-L 
tMlfc. *t, **=■=„ h3-2«>*-A4t£M 
iU, M3iiC< a -NPD5:7 0 0A©SJ 
fcj&HL, $fet N ffiMiiUAI qi, #£3S 
ftlbtfisPfT-fcSDC J TB [KODAKttia r 
l »*%©«« & *« J: 5 ©^»iS 
S«r*SUr4 0 0A©*SlcdWbfc. SbRi, 13P 

mkmK<'*y*7z"(>k&g,i:i">M. (c s ) ©s 

^Jife2 0 0A©J¥*fcdWLfc. *aic, I 



iuessii4s^#4i ciiio© (c) # 

m Srtf-LT, A 1 1 0 A/&X- 1 0 0 0 A 

©J¥^^#Ufc 0 r©IStioT3S3tSS«(4«0. 2 

cm, #|0. 2cm0jE*«i/j:5 [010© (d) 
#ffi) „ IIJgMST-^btl-fc^EL*^©^^^^ 

N^EWUliT'St. r©^Tt8ELSg^-tfcV> 

-c, nffis^T-&5 1 TotmmmmxhzA 1 1 eora 

Ic, itmaj±£WjnLfc:tr3, 2o©3S3tSA»6>©W 
ft, #feJife363t (tV*fe3S3fc) #£>ft 
fc*^ (03 9 (b) ) ©%ft#C«l£S1-¥lf&0 3 9 
(a) icSi" 0 ^©^W±Sr«0SUfc. 02 4, 0 2 
5MI2 6f0D7'B ; , Mi-ttu-eix, r©li?- (£ 
SP«3) ©J¥g (c d/m 2 ) -SJE (V) #14, «ff 

mm (mA/cm 2 ) -sje (v) nam* u 

d/A) -BbE^S (mA/cm 2 ) ^t^77T'fc 
5. r©^©^*S*femj±i±4. 8V-C*feofc 0 o£ 
9, £2pW2©3rf (2. 6V) tSWJ3©^ 
(2. 2V) ©SSftffi&mjEWfiltfcoT^S. Sfc, 
r©^ (HJfeM 3 ) ©4§-g-t>HJ£0!ll 5®? 
fts*1-WJ» (V 2 Os) i*-;i-Sitt^ffc5r!J 
-^T 5 yft^fe, ce — NPDt ©^fgn?BWt3t7cK 
J6tJ:5««f»»»**^iLT^a (V 2 Os- + a- 
NPD*) fc%Af>n, SKft/^yj'A (V 2 Os) 1 

ba-NPDm<ofrmimffi&±mkLxmmLx^ 

5„ 

[0 0 6 0] (3ffl©»Jt=.= y hSr* U, ^ 

w©*JSf!lT-tt, 0 1 8 ^^1-aJi#56Sr*ri-5*»K 
©#8IE L^SrKitl-S. S«Sr3tfcfflgLT, 

fnostsum 1 1 iaa awre, [010© 

(a) ) t^LfcElT^^-^t = -h$tLTV^5IT 

o±.\z^mm&mm&&^*? 40 [010© (b) ) 

o-NPD5:7 00A, Alq:C545T=100: 
1©J1&6 0 0A, /< y * 7" n-^i&JS-fe (C 
s) ©iS^-S^l 0 0A©JP$(Cffii!fc, 3fe©Stg(C^ 

m^tz. Rt, sufa^s F-t'^^©±ir«it^s 

4-1 tLT, VzOs (5®?^/^v?!?A) fc, 
I2A/&T3 0 0A©J?£(cj£BlLfc r©®ffif%4 
■ 1>««*dWfflAll-r^^4 0 [010© (b) ) £ 

[010© (b) ) ©**, mm<Dx.uz-h?-mm 

mt,xmft=>-- v Y 3 - 2 , 3S3fcx= y h 3 - 3 Srffi^ 

*HttK:o-NPD*>6,«dE*n5*-A4*ayi 
©KWSr3 0 0A, 5 0 OA, 7 0 0AO3fItfclt 
-C^3SS©SSfc^S;MLT^^#, Jlfc5BBPfc*fi-3 
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3*fc©KffiK ; £;JVe*la-NPD£3 0 OA, 5 00 
A, 700 A, Alq:C545 T= 100:1 CH* 
it) ©g£6 0 0A, /^V^tW Vt&Jg-fev'^i. 

3ta= y h 3 - 2 SrfSKU *rt-eSf%fe® 4- 2 k 
LT, V 2 Os (5»ft;^-*-5?*A) £, ritBBSSzA/ 
3 0 o A ©J? £ tc:fi£®£ Lt„ UT t> 5 -SSuteT- 
n-b^SrlftUiSLfc,, 1-fcib*,, n-NPD^300 
A, 5 0 0A, 7 0 0 A, A 1 q : C 5 4 5T= 1 0 
0:1 (litt) ©S&6 0 0A, ^y^^D^yit 10 
JR-irv^i* (Cs) ©jg-^SSrl 0 0 AoffSfcJllI&fifc 
1W> h 3-3 tdWLfc. 

«f 5tLTB«dEIIfflAJl^*4 1 [Hi 0(0 
(c) ] fetf-LT, A 1 £fj£F;Igf 1 0 A/fJn? 1 0 0 
0A©J¥£MIi#U [glO© (d) ] 

->*r*rra*»EL*^fe#fc. i*isfcj:o-c*# 

®«cttffi0. 2 cm, |0. 2cmOIMttt4o 

fc. rofflELi^m^, EIlSffeiiTO 
il»SWT?*5Al tout, IffilEJrMLT, 
?SftJf (A 1 q : C 5 4 5 T©#Ii#JI) ^©ftfilg 20 
*©«M*tt*IB3et*:. 02 7, 0 2 85.1*02 9 <P© 

*T1-5^©»S (c d/m») -«BE (V) 4#tt, « 
««« (mA/cm*) -SJBE (V) Wft, Biift^ 

(cd/A) (mA/cm') «r*t^7 7 

-C?S>5. 02 9K:*£;h,S»?>, H4:SSSHIoKff& 
tt«^ftlC|??)W$ (cd/A) li*#< 
gft (J , »3fc^= y h 3 - 2 , 3-3 ©*-A<»a9MI 
fii7 0 0AffltOHSl4 8 c d/A$rg^5««gja 
*as#6tlfc-*-, »#■=■= y H3-2, 3-3©*- 30 

A^aawt»a»3o oa, 5 0 oA©t©i4i 8 c d/ 

A, 28cd/ASS©fU>ft J ^ofc, 3S3t^- 
= ?b3-2, 3-3©*-A«£Jf|g|flL;aS7 0 0A© 
*^I4, *S3S3t3.= y hSfc9*5j 1 6 c d/A (4 8 
cd/AH-3) te«SL-C*9, £"t© (3fi©) %3fc 
&H^fc3tS*M;ffiT-&5Al^ST-©3t#K» (H 

sag. *^©^e-itA i ^(cjav^^t, 

3§3tigS©l/4fcft, 3/4ifcft, 5/4«*fcfco 
TV>5 (*»ffc$ftfc) CTT-fe5 0 #50605 (HIfc03 <o 
4) ©3«g©^©3g3t*^ hA-£01 9(c^i- 0 

MtDM^m (4 8 c d/A) 53ff^©3S3t;*-< 

J£0Sl©gi?- dSJt^y b* 5 2"fi) ffllB*^^-^' 
£©Jtt£©fcJ6, 01 eicfcjj^ftTV^ 
[006 1IMM5 (2^©3S3t3.= y h©3S*^ 

09) 50 



3&©S&£rffll:L-C, SS£0J3 fcRSIJJ-©^^*^ 

v Y *wMm%.m 4 - 

l©V 2 Os CSBMt^-^C'A) Sr^L-OSJfLfctf, 

^r-ett«*3.= y h 3 - 1 o*fe»*ffi:«*>6,3tK«- 

«a*T?o**»iw©*a[*«=sr*nj-*-i«n?. E0 

Wt363fe=-=y H3-20 a -NPDzi^i^S}i5* 
-^^g©K)p:Sr3 0 0 A, 500 A, 700 A© 3 

*Ti-a3«K©**fcft*LT. #ttSrJtgELfc 0 *n 
£l^-©riW**K>fflfe*fl=H:. SHt«3iPI|— 

03 0, i3 1MH3 2tfflD 1 +, 07"ByH« 
ixm, ^03WI«)iWSr*+5*^©»ME (cd/ 
m*) -«E (V) Sffi^g (mA/cm*) -ft 
JE (V) Wt. nXmm (c d/A) (mA 
/cm 2 ) Sr^1-^77T-S>5„ Sfc, *j£Jfe0lJ (HJfe 
08 5) ©3S«©*^©3§3t;*^ t-A-&0 2 O^tp 
1\ 03 2t*Six5jit), g*3 3ffig©KJ¥&;rf- 
5*ixm©*^-©SSSa^ (cd/A) !±*§<J|ft 
5 . **3-= 5/ h 3 - 2 0*-*«ti£JHfilUt 7 0 0 A 
©<b©(4, c d/ASgx.5MM?,te 

«3t*=y b 3 - 2 ®*-A*£J|gtV# 3 0 0 
A, 5 0 0A©fc©!±6. 5 c d/A, 4 c d/Agl 
©ILi>i|f,n4i^f;„ %3t=-=y h3-2©*-^ 
SKSJUBSSas 7 0 oA©3H44, H&MmmxhZx 
fn-DPVB i <D%K&m>hftmWMX'&ZA l 
liffiST7©3t^MJ¥ (StKKHUJUWfcJRCfcbe) 
*l/4**©*3«t4oTV^8 WHEftSJifc) 03 

[0 0 6 2] *Jg096 (m#^^S©^ffi!l(^-r51 
«S|f*«2 0 75£2 2ldf2gt© r*©»KJE±J«Jij T- 

5 (a) t (b) *»«^ShTv^8SlPf) 

04 1 IC^-f«S*jtSr^-f-5*^?g©^E L*^ S: 
Kit1-5„ SWil tPC^IKT-, [010© (a)) 

Wfo&WM&W,-**? 4 0 [010© (b) ] Sr^-L 
T, M^yF3-lMlf:. 1"*^*,, a-N 
PD&600A, Alq:C545T=100: 1 ©1 

Sr7 o o A©JPSic«st^|gLfc. »c^t r^©^fS 

[flll 1] 

T-«S^5 (8-^yyy9h) y^!?A^ft: (JJ(T, 
L i q tUSSBi-SrtaSfeS) 1 0A©JP$ICj&g| 
LT, *?C«Sl5cA«i: LTA 1 A/tJ> 
■pl5A©)?$l;IfU r*©»SJS4riUij fe»jjE 
Lfc„ BulE r*©»S(S±dUij o±t«r«± 
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14-liU, VzOs ( 5 mt'<1-"S to-N 
PD^Jl-g-S (Wttf ; V 2 Os : «-NPD = 4 : 

1 ) £, jftlHKS 2 A/#T' 2 0 0 Aof $ \Cf&mi, 
fco ^o«3ff«*Jit)*HMfcdWfflAll^^^4 0 en 

io© (b) ] ^LtsiLfc. ^wm&mm 

&m-?x?4 0 [010© (b) ] ©44, hu^©XS 

i-ftfc>*>, a-NPD&600A, Alq:C545T 
= 10 0:1 (»*Jt) ©Jf £ 7 0 0 A, L i q £l 0 
A©Jfr£ic, ft&fc, |Siffi5tLT 

^^Kffl^JS-7^^4 1 (01 o© (c) ] fctf-L 
T, Al &IS#3figl OA/ifl o o oAroff^lcS 

iu (010© (d) ] MSLfc^-i'Sr^r-t-a* 

$£EL*^&*»fc 0 &Xgfc±oT363l£®«l4*0. 2 
cm, SO. 2cmOja»ti4ofc„ MfflEL 

sm^^r. mmmmr-hziTotmmmmx-hi, 

Al i:©F^fc, aacmjESrMPLT, (A 1 q : 

C 5 4 5 T©*^^S) A^©^fe^3t©^#tt^a!l^ 
Lfc„ 124 2, 04 3, 04 4&U!04 5tffl»^Py 
H4**l^H. ^©H^F (SUS0H6) ©J?g (cd/m 

2 ) -«E (V) #tt, (mA/cmi) -«BE 
(V) «»lta* (cd/A) (mA/ 

cm 2 ) Wtt, 3S3t2W (lm/W) -*flE (c 

d/m 2 ) #14^1-^7 7ffc5, 4fctt;tfc©fci6, 
tt^fl**:*-*-**!*** (I TO/a-NPD, 6 

0 0 A/A lq:C545T=100:l, 700 A/ 
Liq, 1 0 A/A 1) fcfft&LBU 275504 5 

#, 2flHE<»i:*#<|*l±Lfc. r©^ (£ 

(v 2 o 5 ) fc*-A*att4m?*sry-A'X5i'fls 

UTV> 5 (V 2 Os- + a-NPD*) t# 
6Bfc/**-S?*A (V 2 0 S ) ia-NPD©)g 
*Ji#fBf*4JiiL-CaeL-CV^5. 4fc, ±KJtJS 
M6T-I4, -t«»»64j«««r*J«i-«4MI (»**2 

o© (i) ) a*T^* yjfen (±mnmwx'tiL i) a 
y ^ /p ^ ^a i q *tt*«& 

Jg^t©?l^T-&oTt±< (±E»W 2 0 0 0 - 

1 8 2 7 7 4f£«*M) , Wr«MfcJM|*fc*//W^ 

X^#y£Mfls£*<ftr«JflLfci#fct>, 
SU$H-r*3t) (#^Sfe3::J. En do, T.Mat 
sumoto, and J. Kido, Jpn. J. A 
ppl. Phys. Vol. 4 1 (20 02) pp. L 
800-L803) , tt3SS*»EL*^roBi«t@Sl- 



[0 0 6 3] ##m (««f»^Jl*roJt«fii: (Q • c 

m) Olt) 

ttffifei: (o • cm) ©aisfeii, mmm<o)mzk<n i g_ 

{VlsV>) tioT2««©^ffiT-aiJ£Ufc 0 jgl©f!l 

52f*fcT-, »£^©l£»»B£&mffiTi!^Lfc®fi 
(13 3 3 4 1^1-9- >- K-T s/^«it©Jt®R:W 

«ffl*^) x-®mzm\ ftitams. (v) isaa^s 

H©|gflL (cm) (oSQWEMEK) a»6>*6>ft$« 
i§E (V/cm) i, SaSSSE (A) t«»S?SiEixSM 
«c©WBa (cm 2 ) fca^&ftSSW&S (A/c 
m 1 ) t©it C (V/cm) / (A/cm 2 ) = (0 • c 
m) ) ^feJffflLfc. rwail^ffilcfflv^f-^Vyf- 
«it©itfifitl¥«ffi*^(4, Tt5©^jfeT-^S-f5rt 

^T-t5„ H3 3ii, tmmmRim+nw-MMs 03 

4tt-t©»fffiia-Cfe5. **WI-I4*J£«!I, Mil 
itilO (b) K— 7**4 Ofcffiffl 
U2mm(|OI TOttl 6_hlC tfi^fC ± 9 2 mm 

* £^ Lx&mm® 1 8 & mm©^!^ \m% 

U *ffttlHt< 2mmi|>I©T;>5-5'Att®l 7* I 
TO«ttl6t«=Srt-aj:5fc««Lr. ttfijrCfFffiffi 
SH^fESLfc. M2©a!lSfe(i, Jtf£iSJiJ£ft©/h;S 
^®KK:#LTliS££;h,S;&-8rC, &g»i©tf:l£th: 

3 6te:^LfcJ;5(-, Sffil 9±©H-¥E±i- : f'»^ 
S20, 1 biiZ>im*m%Sm (L em) PS 

*2 203R3t»BISr@fS©IJ(!P« (W cm) S:*-f-5 
*yr«efflAJl-r^^t*bT, Brat©** (t c 

m) r»^-f^5tiE (V/cm) 

ft, EWnSK (V) SrS^ggH (L cm) T-p&LT 
aLfflSiv, H^«g (A/ cm 2 ) fiSSifflffisft (A) 
e»siilD*i5tW$©WfE8[ (rwl^iwx t c 
m 2 ) T-p#LT^ffi$^5„ r©»fcLTffe>*lfc»» 

(Q • cm) SrgWLfc,, 

[0 0 64)037 fcJfcSSfcroHjBISJftfciarf . WJS 
^©Sffltt, I TO (SSJSffiW) , V 2 Os (*^BJ 
IC*3(t5m#^4S) , V 2 Osi: a -NPD04tlfI 

(V2O5 : a-NPD = 4 : 1, 1:1, 1 : 2©3« 

2-TNATA©*fs*K [V 2 Os : 2 — TNAT A = 

4 : 1 (**Jt) , *38WtJ3lt5«ffif»ifeJi] , o- 
NPD, Cs t^y*7-B^>-©#^#^ [Cs 
f7uj>=l : 1 (^Vit) , ^3t3.= yh^©S^ 
SAS] ),A1,3 (3H&m XhZ. I TO, V 2 
Osi«-NPDffl*im RTlV 2 Osk 2-TNA 
TA©*^*JItt, M**5t©ifcigS:fFffifflSl^T-a!)S 
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mmm. ai q3 i4, v>Y4 y^w&v&mmmm 

m?X-&m^tz (*^M;y^fe) „ ^ta-NPD 
tOV^BtBi^WtHraAfc*- vy^ (ohmi 

c) #3SK©Sfif*£Ji©fflj£-e*>5, v 

2 os t a - n p d <Dm&m&Mw&iz.m-tz&&\c 5 0 

A<k&<J&£Lfc±T\ 1 0 0 0A(DfJOa-NPD 

-O- I TO 4. 6X10' ( Q'cm 
-•- V2O5 7. 2X 1 0<Q • cm 

-A- (V2O5 : a-NPD = 4 : 1) ©#§£i»B| 
2. OX 1 0 3 Q • cm 

-O- (V ! 0 S : a -NPD=l:l)O#IfI 

3.6X1 0<Q • cm 

- + - (V2O5 : «-NPD=l : 2) 

2. 9X1 0 s Q - cm 

-□- (V2O5 : 2 — TNATA= 4 : 1) 20 
Bl 5. 8 X 1 0 3 Q • cm 

-A- ITO/VaOs/Al 2. 8X10 5 Q 

-T- I TO/ o-NPD/Al 1. 5X10' 3 
Q • cm 

-■- I TO/V2OS : a-NPD (5 OA) /a- 
NPD (10 0 OA) /Vi 

Os: a-NPD (50 A) /A 1 8. OXIO'Q 
• cm 3 0 
-X- Al/AIqj/Al 6X10 I3 Q-c 

-I- I TO/C s : 'WrfxHls/A 1 2X1 
0 s fl • c m 

Sfc, V 2 05 f:a-NPD©*SK*il©jB#lt (^# 
*) i:JtJgfctoB§&£04 0©^7 7(c^Lfc„ r©0 

T*3t), V 2 0 5 ©1S*m^^tttiSS:*-^^% 
[0 0 6 5] *»MCoV>T±1B«ft»*t#JBLo-3 

as Lfcz)s, *^K»±±ia3ij£jgffitis^$n5i>o-e 

[0 0 6 6] 

«±KH Lfc <t 5 K, *&9Ka*«E L so 
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«iLt»tt. liWUDSfttiStfEIITt'hS 

[hi] ft*o>G®ELm?<DW)tmMZvii-isiw®x- 

fc5 D 

[04] *%K©*^t*3lt5ii-g'^!S^f3S±SfO 

/K^i& -kiF-tmm mx- h 5 „ 

[0 5] 7!/-;i-75 Wt^fei 5t<b/<ty?A«f 
[16] 2-TNATAi4F-TCNQ©WM 

[0 8] *«nK>*«EL»^078UI*ifi«$i-ie^»f 

mmx'hi. 

[0 9] S2PMlT*^SLt^EL*^©Sl*3tSr 

[010] (a) IM«||«mfi# = -h3;h,fc#5;* 
SSfc^-H-Cfc 5 , (b) ttftlMuftWS*!!-*-:** 

<DMfc£7jii-mx-h v , ( c ) ttS»i«ieffl^jR-7^ * 

W«$&^1-|a-C-&?) > (d) (4^-?©«^Sr^i-|aT- 

[nil] &m* 2 T-f^s LfctiE Lm^msmm 
tt-tm^mffimx-hz. 

[012] sspm 3 x-im vtz^m E L *?®smm!& 

[013] H»J 1 T?fmL*:«»E L5g-?©aS*it 
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[in] mmm 2 x\m ifctiE \.m^-<ommmm 

[015] HJSM3 fMUfctiE L*-?©aS«it 

[ 0 1 6 ] sspCT 1 . mmm 1 &tmj£0ii 4 -c-ffcis l& 
[017] mmm 2 , s 3 Rummm 3 -efw Lt 

*»ELffffli)t^^ h^Ht?*>5. 
[018] JtJt«4-^faiLfc*«EL*^oa»*3fi 
4r^i-»&S»fffi0T-fe5 o 10 

[019] mmm 4 tm^ Ltz 3 an ©*^- ©3s#;*^ 

[020] HiSM 5 -CffiK Ltz. 3 «S©^tF©3S*^-< 

[021] mmm 1 , hjm 1 &vm mm 2 -cf^ss l± 
[022] i« 1 , nife«r 1 Atrsufefl 2 -cf»u*i 

^T»EL*^©fB(E«*-«E»tt«:7iH-^5 7-e* 
[023] S!p«S| 1 , IHfcM 1 fctf «fc« 2 X-ftm L± 20 

*«e L3if?-©«aawt-«itgs*»tt«r*i-^77-c 
[024] 2 , m mm 3 aw **« 3 x-vm ufc 
[025] £jp^2, mmM3Rxfimmm3-?«Fmi.it 

[026] gip0)J 2 , £Sp0il 3 20601 3 -?tm Lit 

fi-^E Lm*comm®m-mM%g.&&%^-f-y77x- 

fc5o 30 

[027] xim 4 xvm Lit 3 an ©#*e l**© 

[02 8] i«M4fMLfc3igOtlEL*?C 

[029] HiSfiSJ 4 T'^SS Ufc 3 nW<D#®E L^© 

[03 0] SM«5Tfl*Lfc3«*©#»EL**© 
IHE-«E»tt«r^i-^?7TJb5. 
[031] Hittf-J 5 "Cft* Ufc 3 SSOfiE Lsff^ © 

[032] 5 T-fm Ltz 3 a!S©^8IE L#* © 

[0 3 3 ] y^#5£©itffi*n:^ffifflsR^©¥B 
0T-fe5 o 

[03 4] f-^hV->^*5t©tt:SSfF«Bffl^©BfS 
0T-&5„ 

[03 5] Mg«i£©tt&ftlWS5St^©¥E0T-& 
5. 

[036] smm&iovc&mmmmwmm-zh 



[037] &nmx-mi£Ltzimm^*nm-ttib(n> 

[03 8] (a) i4, SI2 0 0 1 -2 2 5 8 4 7 -5J-BJ1 
*B*Ui!e«©*r«E L*^F©^3t*tffiS:^i-¥SE-C& 

9, (b) 14, r©#^EL^©^S«itSr^i-^m 
0T*fc5„ 

[039] ( a ) i4, #3BBJ3©2O£09 3 "CftS! Ltz^m 
ELm^(om±^m^i-^Mx-h<o. (b) [4, r© 

GmE L*^©fflS«5tSr^i-^m0T-fe5 o 
[04 0] V 2 05 ta-NPD©*^#^©J1^M: 

i:JtSK©M#Sr^^y7T-fe5 0 
[04 1] 2Ofc0»6fc#5^EL§|?^©;gJi«jt£^ 

-T»fa0T-fc5 o 

[04 2] SH6«6Xt«Se3lEa!«jft*:^rt-att:«SIH=-© 

[04 3] njewex^saifit^-rsitK^© 

^«t?gg - Sr^-t- ^ y 7 T- fe 5 „ 

[04 4] saswextMEsgaisasriri-aifctts^© 

[04 5] *JSf!l6&ti:^M«5tSr^rl-5Jt|!E^© 

[«F*©K9!] 

1 jSSH&K 

2 anwrai 

3-1 ^3t^=-yh 
3-2 mtt^-yh 

3- n JMfeasyl. 

4- 1 

4-2 «ff»£JI 
4-n fl??3&£g 

5 ftBttS 

6 *-**£■ 

7 3£}tJf 

8 H^gEA® 

9 *-^MHiSll 

10 ISftS 

l l ®-?£AS 
12 

1 3 383fcJl 

14 m-faxs 

15 3H£K 

16 as 

17 mm 
is mm 

19 Sffi 

2 0 

21 US 

22 ttae* 
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□ 



=r } ; 



2 ^ffi^iHtV^s) 



-u.m^&xm (A-y^^n-f >:Cs) 



-10.5E3K1S (spiro-DPVBi) 



S.^-^BIgH (spiro-NPB) 




- 13.%*S (AlqrDCJTB) 

- 12.*-JHS3IH (o-NPD) 
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[1216] [033] 




450 500 550 600 650 700 
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[0 3 4] [03 6] 
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[E37] [042] 




10" 1 10° 10 1 10 2 10 3 10* 10 s 10 6 10 7 
e*E(V/cm) 
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